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Preface 


This revised infrared sky survey catalog includes the results of the extensive 
verification and photometric studies of AFGL sources performed since 1976 as 
well as recent survey measurements with larger instruments, These additions 
have broadened the photometric data base and, at least in the short term, the 
catalog contains the most comprehensive description of the infrared background 
brighter than 10716 wem~2ym"?, The three primary spectral bands at 11, 20, 
and 27 um (4X ~5 um) cover astrophysically interesting regions; the 11- and 
20-um bands span the silicate emission features, the 27-um band is at the cross- 
over point in the spectral energy distribution for warm sources embedded in cold 
dust clouds. The effective wavelengths, intermediate spectral resolution, and 
photometric accuracy (20 to 30 percent) of the AFGL survey observations allows a 
quantitative analysis of the spectral energy distributions of the brightest sources 
in the 8- to 30-um spectral regions. 

Much of the computer programming necessary to reduce and analyze the data 
was done by Len Marcotte, including aspect determination, Photometric calibra- 


tion was the responsibility of Paul LeVan. 
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The Revised AFGL Infrared Sky 
Survey Catalog 


lL. INTRODUCTION 


Since the AFCRL and AFGL catalogs (Walker and Price! and Price and 
Walker*) were published a significant ground-based effort has been made to verify 
the AFGL sources not previously associated with known cataloged objects (Low et 
als? Lebofsky et a Gehrz and Hackwell;° Allen et al; : Joyce et al;® Lebofsky 
et als? Kleinmann et al;10 Gosnell et al;}} Rudy et al;}? Ney and Merrill;?? 
Grasdalen et al! 4) and to analyze the contents of the catalogs (Harris and Rowan- 


: The ground- 


Robinson;!° Lebofsky et al;? Kleinmann et alge Grasdalen et al 
based searches for the catalog objects have provided improved positions for many 
of the sources as well aS more extenSive photometry. The questions about the 
unconfirmed sources raised by the early investigations of the AFCRL catalog 
have, for the most part, been resolved. Some of these sources are indeed spuri- 


aby while others are too extended to be detected by ground- 


7), 


ous (Price and Walker 
based telescopes (Lebofsky et als? Price; }8 Price et al Many of the spurious 
sources were eliminated from the AFGL catalog in the reanalysis by including a 

rescan confirmation criterion in addition to the signal-to-noise gate used for the 
AFCRL catalog. Several real sources were also taken out but retained in a sup- 


plemental catalog (Price?°) of potentially interesting objects. 


(Received for publication 10 June 1983) 


Because of the large number of references cited above, they will not be listed 
here. See References, page 29. 
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The 'AFGL Four Color Infrared Sky Survey" catalog of Price and Walker? 
has been revised in this report to include more accurate information, The ground- 
based searches provide identification and improved positions for the unidentified 


AFGL sources. Associations of known objects with survey sources are upgraded 


to identifications based upon subjective judgment of the photometric agreement : 


between the survey magnitudes and those listed in either the "Catalog of Infrared 
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Observations" (CIO) compiled by Gezari, Schmitz, and Mead™” or the list of 


1. 14 If the source is considered "identified" then the best available 


Grasdalen et a 
position is substituted for the survey value. Photometry from the ground-based 
Studies and the CIO is included, where possible, if no survey measurement was 
obtained at the wavelength in question or if the survey observation is deemed 

Spurious. The major revision in the present catalog, however, is the inclusion 


of data from two more sensitive surveys flown in 1982, 


2. THE NEW SURVEY EXPERIMENTS 


The Far Infrared Sky Survey Experiment (FIRSSE) is a joint effort between 
AFGL and the Naval Research Laboratory (NRL) to survey the sky in five spectral 
bands spanning the spectral region between 8 and 120 um. It was successfully 
flown from White Sands Missile Range, New Mexico (WSMR) on 22 January 1982 
at 8°00™00.191 UT. The ARIES guided rocket flew the 660-kg payload to a peak 
altitude of 379 km providing for 450 sec of data acquisition. The instrumental 
performance in the two long wavelength spectral bands (40 and 90 um) is described 


22 


in detail by Price, Murdock, and Shivanandan. The measurements made in the 


two long wavelength bands are reported by Price et ain? and Price, Murdock, and 
Shivanandan. =f The present report includes only measurements in the two short 
wavelength bands at 20 and 27 um, 

A second experiment, the Survey Program of Infrared Celestial Experiments 
(SPICE) was flown from WSMR on 14 September 1982 at a%ag™ so.o59 UT. A 
363. 5-km apogee was achieved and 455 sec of data taken. About 30 percent of the 
sky was surveyed in three broad spectral bands centered at 11, 20, and 27 um, 

A general description of the conduct of AFGL celestial experiments is given 


ina series of AFGI. technical reports that detail the calibration (Price and 


21. Gezari, D.Y., Schmitz, M., and Mead, J.M. (1982) Catalog of Infrared 
Observations, NASA Tech Memo. 83819. 


22. Price, S,D., Murdock, T.I.., and Shivanandan, K, (1983) The Far Infrared 
Sky Survey Experiment Final Report, AFGI.-TR-83-0055,. 

23, Price, S.D., Shivanandan, K., Murdock, T.I.., and Bowers, P.F. (1983) 
The brighter 94 um sources observed by the far infrared sky survey 
experiment, Astrophys. J., in press. 
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Walker? 4), the aspect determination (Price et wiry, and the requirements with 


sal? Price and 


respect to particulate contamination (Price, Cunniff, and Walker 
Marcotte?! also briefly discuss the instrumentation used to gather the survey 
data; whereas Price, Murdock, and Shivanandan=° describe the FIRSSE and 
SPICE instruments specifically. The pertinent features of these new experiments 
are summarized below. 

Both the SPICE and FIRSSE telescopes use a doubly~folded Gregorian optical 
design with a 36-cm diameter primary mirror. The focal planes consist of linear 
Staggered arrays of detectors in each spectral band. Each of the three SPICE 
arrays has 18 detectors with in-scan widths of 2.5 are min and cross-scan lengths 
of 10.75 are min for a 2.28 x 107° 
adjacent detectors leads to a total cross scan extent of 2°5 for the entire array, 
The FIRSSE 11-, 20-, and 27-ym detectors are 2.5 by 10 are min and overlap by 


1.75 arc min. The 13 elements in each 11- and 20-uym arrays have a cross-scan 


sr field-of-view. The 2, 4-arc min overlap of 


extent of 1982. The 27-um array has 15 elements and covers 291. The ll-, 20-, 
and 27-ym spectral filters were cut from the same samples for both instruments 
and only minor differences exist in the spectral response of the detectors between 
the two instruments. The adopted effective wavelengths are 11, 20, and 27 um 
with effective bandwidths of 4.5, 5.5, and 5.0, respectively. 

The telescope is yoke-mounted in a one-axis gimbal orthogonal to the longitu- 
dinal or roll axis of the payload. A star tracker is coaligned to the roll axis and 
the payload spin balanced about this axis during pre-flight preparations, During 
powered flight the star tracker looks aft, The payload and spent motor are sepa- 
rated by a double pneumatic bellows upon release of manacle clamps. A separa- 
tion velocity of 9 m/sec was achieved on both flights, sufficient to escape the con- 
tamination from the spent motor seen on other ARIES-borne experiments (Price 


Q 
ay. 


et al The pavload is inverted after separation and the tracker is locked toa 


24, Price, S.D., and Walker, R.G. (1978) Calibration of the HI STAR Sensors 
AFGL-TR-78-0172, AD A061020, 

25. Price, S.D., Akerstrom, D.S., Cunniff, C.V., Marcotte, L.P., Tandy, 
P.C., and Walker, R.G. (1978) Aspect Determination for the AFGI. Infra- 
red Survey Experiments, AFGI.-TR-78-0253, AD A067017. 

26. Price, S.D., Cunniff, C.V., and Walker, R.G. (1978) Cleanliness Considera- 


tions for the AFGL Infrared Celestial Survey Experiments, AFGI.-TR-78- 
0171, AD A0#0116, 

27, Price, S.D., and Marcotte, L.P. (1980) An Infrared Survey of the Diffuse 
Emission Within 5° of the Galactic Plane, AFGL-TR-80-0182, AD A100289. 


28, Price, S.D., Murdock, T.L., and Shivanandan, K. (1981) Air Force Geo- 
physics Laboratory (AFGL) infrared sky survey experiments, Proc. SPIE 
280; Infrared astronomy, Scientific, Military Thrusts and Inst. 33. 

29. Price, S.D., Murdock, T.L., McIntyre, A., Huffman. R.E., and Paulsen, 
D. E. (1980) On the diffuse cosmic background meas red from ARIES A=8, 


Astrophys. J. (Lett.) 240:L1. 
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pre-selected star. The star and launch time are chosen such that the star is 
near local zenith and meridian transit. 

Once the star is acquired, control of the pitch and yaw jets is switched to the 
tracker. Error signals from the tracker are used to drive the Star to a null and 
maintain that position to within a root mean square (rms) value of 30 are sec 
while the payload rotates about that axis. This essentially established an alt- 
azimuth coordinate system with the pole of rotation fixed to the inertial coordinates 
of the star and the zenith angle set by the gimbal deployment angle of the telescope. 
The azimuth angle as a function of time is derived from stellar transits detected 
through an "'N" slit retical mask at the focus of a small visual photometer. The 
vertical leg of the 'N" is aligned to the deployment plane of the telescope. 

Initial deployment of the telescope is to a zenith angle of about 40°, At the 
end of a 38295 roll maneuver the sensor deployment angle is increased. The roll 
rate is adjusted to maintain a constant linear scan rate across the focal plane. 

The deployment angle of the telescope is increased during the first half of the 

experiment, reaching maximum deployment near apogee. The sensor is stepped 
up during the down leg of the trajectory. This scan program produces the maxi- 
mum celestial coverage without significantly "background limiting” the perform- 


ance of the detectors with off-axis thermal radiation from the earth. Data acqui- 


sition is limited to altitudes higher than 130 km. The 2295 roll is included for 


stepping the sensor so that at least 360° of each roll is at a constant zenith angle. 
A linear scan rate of 20°/sec and stepping increment of 29144 were employed 
for the FIRSSE flight. The SPICE flight used a 15°/sec scan rate with 49288 
steps, Thus almost completely redundant coverage was obtained in the FIRSSE 
27-um band and 85 percent redundancy at 20um. Only 14 percent overlap was 
programmed for the three SPICE arrays. The redundancy factor and difference 
in linear scan rates reflect the difference in the objectives between the two exper- 
iments. A higher degree of redundancy for the FIRSSE long wavelength bands 
(27 through 120 ym) was important because of the pioneering nature of the exper- 
iment. FIRSSE was the first exo-atmospheric experiment to successfully use 
super-fluid helium as a cryogen under dynamic thermal loading. It also was the 
first experiment to use Ge:Ga photoconductors in a multi-element focal plane to 
survey a large fraction of the sky at wavelengths longer than 30 um. A very large 
areal coverage was desired for SPICE in order to survey at wavelengths shorter 
than 30 wm as much of the galactic plane around the galactic center as possible. 
The low rescan confirmation opportunity was balanced against much improved 
mapping of the galactic plane. The galactic plane was surveyed from a longitude 
of 355°, through the center, out to 36°. This coverage provided 11-, 20-, and 


27-um maps over this region at high signal-to-noise. 


A complete survey over the area covered by both experiments was not real- 
ized because: (1) about 10 percent of the data for each experiment contained 
optical contamination, (2) a bias short to ground in the FIRSSE 11l-um band made 
this band inoperative, and (3) a shorted MOSFET on one of the SPICE 20-um 
channels made this channel inoperative. One other 20-~m SPICE channel was 
anomalously noisy. Aside from the problems mentioned above, the performance 
of the instruments was acceptable. The average noise equivalent flux density 
(NEFD) was measured in flight to be tia 4< fo.7% and 2.5 < 107? ‘wem7* 
for the 1l-, 20-, and 27-um SPICE bands, respectively. The FIRSSE NEFD at 
20 and 27 wm was 2 « 107!7 and 3.5 < 107) wom, respectively. Although this 
is about a factor of four lower than predicted by pre-flight calculations, it is 
emphasized that, with the above exceptions, the noise, detector response, and 
NEFDs were nearly constant resulting in a uniformly complete survey over the 
area covered, This is in marked contrast to the survey experiments that pro- 
duced the AFGL catalog, which were background limited, leading to a variation 


in noise of roughly a factor of ten during the experiment. 


3. DATA REDUCTION 


The signals generated as the detectors are Swept across the sky are ampli- 
fied and band limited. The high frequencies are attenuated by a low-pass filter 
with a characteristic frequency set at the inverse of twice the "point source" 
transit time across a detector, The response rolls off at 12 dB per octave with 
a corner frequency at 250 Hz for the FIRSSE channels and at 180 Hz for SPICE, 
Low frequencies generated by 1/f noise and background modulation are filtered 
with a single RC network with characteristic frequencies set at 10 and 4 Hz for 
FIRSSE and SPICE, respectively. The signal is sampled 1600 times per second, 
digitized and telemetered to the ground, where it is recorded on high-speed analog 
tape, After flight the analog tape is read, decommutated, and converted back 
into a digital format for storage on computer compatible digital tapes. These 
tapes are subsequently processed to extract signals from the survey data and the 
star mapper. The azimuth solution is then determined in the form of cubic 
polynomials as a segmented function of time as described in detail by Price et 
al. eR The rms error in the azimuth solution is less than an arc minute during a 
large part of both experiments, The noise and bias levels in blocks of the data 
Stream 0.38 sec long are determined for each sensor channel. The averaging 
method used to determine these parameters excludes point source signatures. 
The data is filtered by subtracting the average output of the raw data 7 are min 


ahead and behind the point in question, Potential sources are selected if the 


11 


signal peak exceeds three times the instantaneous noise in either the raw or fil- 


tered data. The signal rise time and cross-correlation coefficient are calculated 
for each potential source, using a filtered signal from an ideal point source for 
the cross correlation. These parameters recognize and reject impulse responses 
due to cosmic ray interactions. About 2.5 to 3 potential sources per second were 
accepted by the routine, roughly ten times that due to white noise alone, 

Next, the coordinates of the potential sources are determined from the aspect 
solution and multicolor observations are combined into a single source, The 
results are compared to cataloged positions of known infrared objects: the" Two 


30. ‘ 
its southern extension 


Micron Sky Survey" (TMSS) by Neugebauer and Leighton, 
(Neugebauer? }), and the AFGI. catalog. Measurements in one color only which 
are not associated with known infrared objects, are rejected if they are either 
detected during a time of anomalously high noise, for example, optical contamina- 
tion, cr are a point source with a filtered signal-to-noise less than three. About 
half the potential sources are eliminated in this manner. The TMSS associations 
are used to determine the tracker to sensor and gimbal offsets and any field rota- 
tion, thus improving the sensor aspect. Satellite and asteroid positions are calcu- 
lated for the launch epoch in sensor coordinates, after which they are subsequently 
identified in the data and climinated., 


The published ground-based and aircraft borne measurements in the CIO and 


the photometry on AFGI. sources by Grasdalen et al, 14 Ney and Merrill, +3 and 


Gosnell, Hudson, and Puetter}} were used to calibrate the survey photometry. 
Sources which are known, or suspected to be, extended on the order of an arc 
minute were rejected, The reference irradiances were extrapolations of the listed 
measurements ut or near the effective wavelength of the survey band by assuming 
a zero color difference, The zero magnitude spectral energy distribution was 


3.9 


approximated by a \_ 2 power law over the wavelength range in question. 
Measurements between 10 and 12 um were used for the Ll-u~m survey observa- 
tions, between 18 and 22 um for the 20-um survey values, and between 20 and 35 
um for the 27.3-um calibration, Multiple observations by different observers on 
a given source were averaged after subjectively eliminating the low quality values. 
The resulting list contains a number of late type variable stars. Price and 
Walker* confirmed that the differences due to variability between the adopted 
reference fluxes and the actual values at launch epoch for such stars averages 


out in the calibration, 


30. Neugebauer, G., and Leighton, R.D. (1969) Two Micron Sky Survey - A 
Preliminary Catalog, NASA SP-3047. 


; ‘ x F ro) fe) 
31. Neugebauer, G. (1971) Two micron sky survey zones -47° to -40°5 and -40° 
to -33°, private communication, 


The sources with publisise (censor cents are ossociated with the survey 
observations by positional agrescrent, within 3 are min in azimuth cid 9 are min 
in zenith. A linear weighted be ist-squares regression of irradiance as a function 
of signal is calculated with a fixed zero tmrercept for each individual detector, 

The weights were subjective judgments of the quality of the published measure~ 
ment, Sources with irradiance values greater than one standard deviation from 
the fit were reqected and the regression repeated. The discordant values of 
irradiance are possibly due to large amplitude source vavriabilitv, beam size 
effects due to extended emission or source transit at the edge of a detector, 

About 160 sources provided the 193 observations for calibration of the ll-um 
SPICE detectors, The smallest number of calibration sources per detector was 
four, the maximum number was 24, and the average was 10. The mean standard 
deviation of the differences between the reference and calculated irradiances was 
1.3% 10728 em 72 um 7? for the 193 sources, On the average this is equivalent to 
a source with a signal-to-noise of 5, The ll-um calibration accuracy is estimated 
to be about 15 percent. 

The 20-um calibration for SPICE used 118 measurements, an average of 
seven per detector with as few as three and as many as 11. About 60 objects 
provided 107 measurements to calibrate the FIRSSE 20-ym survey photometry. 
The standard deviations averaged over the focal plane between the reference and 
calibrated values are 8 and 3 < 167 wen “ama for the SPICE and FIRSSL 
arrays, These values again correspond on the average to a source with a signal- 
to-noise of about 5. The accuracy of the 20-ym calibration is estimated to be 
about 20 percent. 

At 27 um there are 36 reference values for calibrating the SPICE array, an 
average of two per detector. At least one, and as many as four, sources were 
detected on each channel. Thirty-three measurements were available for calibra- 
tion of the FIRSSE 27-pm detectors. These included five asteroids (2 Pallas, 8 
Flora, 15 Bunomia, 54 Alexandra, and 704 Internaninia). These asteroids were 
detected at signal-to-noise greater than 5 and also have published ground-based 
10- and 20-u~m photometry. A color temperature is derived from the best avail- | 
able 10- and 20-~4m photometry in the literature and scaled by x. -y | Saks to the 


correct Sun-asteroid distance, The 27-~m flux is extrapolated along a grevbody 


distribution at this temperature and then sealed to account for the difference in 
earth-asteroid distances, No systematic difference was found between the indi- 
vidual svstem responsivities derived from stars and those calculated asteroid 
values, Even with the asteroid measurements three 27=sgm FIRSSE channels had 
no associated calibration sources, The calibration for these detectors wos ob- 
tained by sesling the relative responsitivities for the filter-deteetor corsbinution 
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derived from extensive preflight laboratoe. testing to am average of the 33 
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reference fluxes weighted by the number of observations on a channel. The cali- 
bration error in the 27-4m band is estimated to be 25 percent for SPICE and 30 
percent for FIRSSE, 

The calibration was performed in terms of irradiance (wem72ym7}) and is 
therefore independent of the bandwidth of the survey photometry and ground~base 
instrumentation in the first approximation. The calibration reflects the energy 
distribution for the bulk of the calibration of objects, late type stars with some 
excess dust radiation longward of 10 un:. Color corrections are small for the 
11-, 20-, and 27-um bands. 

Note that although the absolute calibration accuracy is estimated to be 15, 20, 
and 30 percent at 11, 20, and 27 um, the relative photometry is much better, The 
relative photometric error is estimated to be 5 to 10 percent as determined by 
redundant measurements on overlapping scans within a flight and by the consist- 
ency of the confirming observations between the two experiments, 

After calibration of the photometry, the measurements of the same source 
on adjacent detectors are combined aS are the rescan observations during the 
22°5 overlap at the end of each roll during which the sensor is stepped. Then, 
confirming measurements on the overlapping coverage between the up and down 
legs of the experiment are combined. Ifa source is not confirmed but lies in an 
area that was rescanned the data stream for the confirming scan is examined. 

The source is appropriately flagged if lack of confirmation results from optical 
contamination, an edge detection at the end of the array, or high noise level in 

the data stream. The sensor steps were chosen such that the overlapping coverage 
was offset by about one half the height of a detector. Detections on adjacent de- 
tectors and rescan confirmation are used to improve the position accuracy in the 
cross scan direction. The rms accuracy is about 1 are min in azimuth, 4 arc 

min in zenith for an uncombined detection, and 1.5 arc min for a confirmed meas- 
urement, 

The overlap on the SPICE and FIRSSE flights was searched for confirming 
observations. Measurements of a source on both experiments were combined 
and, as before, unconfirmed sources appropriately flagged. All sources that were 
not confirmed but in coverage within a flight or on the two experiments are elim- 
inated from further consideration. Also rejected are sources not associated with 
a known infrared object that have a filtered signal-to-noise less than five or that 
were detected with anomalously high noise, The resulting list is then compared 
to the "AFGL Four Color Infrared Sky Survev'' and the Supplement, 
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4. THE CATALOGS 


| wee 


The AFGL and supplemental catalogs were revised based upon information 
a obtained from the ground-based searches and the CIO. About 30 sources in the 
main catalog and 360 in the supplement, which were not labeled as extended and 
au were away from the galactic plane or HII regions, were eliminated for lack of 
3 ground-based confirmation. Next, where available, improved positions were 
adopted if the AFGL source was considered identified. The identification resulted 
‘ from a subjective judgment based upon agreement between the survey photometry 
and that published in the literature. Photometric agreement was considered as 
additional confirmation of the survey observations and 74 entries in the supple- 
ment were included in the main catalog on that basis. The ground-based photom- 
etry was selected on the same basis as for the survey calibration previously dis- 
cussed: 4.2 um was an average of observations made at 3.6 and 5.0, 1l um 
adopted the published magnitude between 10 and 12.5 um, and 20 ym adopted the 
published magnitude between 18 and 22 ym. The most common false entry in the 
AFGL. catalog is the so-called "spurious color" - a valid measurement is coupled 


with a spurious one at another (usually longer) wavelength when the multicolor 


re 


observations are combined. The ground-based values were substituted for those 


s 
a 


believed to be spurious or included when no survey measurement was made at 


a 
ry 


Danity - 


os that wavelength, 
The resulting lists were combined with the SPICE and FIRSSE measurements, 
41 For the AFGL sources detected by SPICE/FIRSSE the irradiances at a given 
ae wavelength were averaged providing they agreed within a factor of 2, otherwise 
ro the SPICE’ FIRSSE values were adopted, A source in the supplement was up- 


graded to the main catalog if (1) the SPICE /FIRSSE measurement had a signal-to- 
noise greater than 5, (2) it was confirmed, either within a flight or from flight- 
a to-flight, or (3) the SPICE/FIRSSE observations had a common color with the 
a AFGI. entry and the two agreed to within 50 percent. A SPICE or FIRSSE meas- 

i urement not associated with an AFGL source was incorporated into the main 
: catalog if the signal-to-noise was greater than 5 and it satisfied at least one of the 
following confirmation criteria: the source is either seen twice on the Same ex- 


periment or detected on both experiments, or that it is associated with an object 


et ew 
' 


known or suspected to be bright in the infrared, or that it is not associated with a 


‘ cataloged object but it is a two-color measurement in adjacent bands, that is 11 


ays 


: and 20 um and/or 20 and 27 um. Although the last two criteria are weak, thev 


a 
4, . 


2 were included to eliminate some of the spurious signals that satisfied the signal- 
to-noise selection criterion but which were not rescanned or flagged as not detecta- 
os ble during rescan. These criteria would not eliminate optical contamination that 


would show up as a cluster of predominately extended, unconfirmed and 
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unassociated sources. The SPICE. FIRSSE measurements that fail these criteria 


are relegated to the current supplemental catalog as are those observations with 


( a signal-to-noise of less than 35 and associated with either an AFGL supplement 


ae 


source, a TMSS star, or have a rescan combination, 


5. DISCUSSION 


> a 


There are now 2°70 entries in the main catalog, 624 of which are new objects 
detected on the SPICE and FIRSSE flights. The remaining 2345 are listed in the 
AFCRIL, AFGL, and AFGI. Supplement catalogs. About 110 Supplement sources 
are included, having been confirmed by SPICE, FIRSSE, or ground-based 
searches, The catalog contents are plotted on Aitoff equal area projections in 
Figures 1, 2, 3, and 4 for the 4,2-, Ll-, 20-, and 27-um bands, respectively. 
The plots show that the distributions are more concentrated in the galactic plane 
3 at the longer wavelengths and the source density along the plane is quite non- 

: uniform, The greater sensitivity of the SPICE and FIRSSE measurements is 
graphically depicted in the 20-um plot (Figure 3) where the stippling of fainter 

< sources define the sean coverage of these experiments. The areal coverage at 

‘ each wavelength is listed in Table 1 along with the corresponding number of 

oN sources in the revised main catalog compared to that in the AFGL catalog. The 
second entry for 27 um refers only the SPICE and FIRSSE measurements as all 
the fainter sources are from these flights because of the factor of 10 higher sen- 
a sitivity at this wavelength. 


Table 1, Area Surveved in Each Color and Number of Sources Detected 


.. Total Area No. of Sources 
. Color Surveyed Revised Cat. AFGL Cat, 


' ¢ sq. deg percent 
32170 71 

q 38159 92.5 
38750 94 
30102 73 

me *19732 47 


7 *SPICE + FIRSSE coverage 
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The logarithm of the number of sources brighter than a given magnitude as 


a function of magnitude for each wavelength is shown in Figure 35, The counts 


over the area surveyed are plotted as points. The FIRSSE and SPICE counts, 


normalized to the areca covered at 20 «em, are denoted by other symbols. For 


reference the uniform disk and spherical distribution slopes of 0.4 and 0.6 are 


also ineluded. The greater sensitivity of the FIRSSE and SPICL! measurements 


is reflected in the proportionally larger source counts for the experiments at the 


fainter levels. The uniformity of these survey measurements is indicated by the 


: manner in which the curves flatten at the fainter magnitudes. At 11 ym this occurs 


overa factor of 2 in brightness, which is the range in responsivities over the 


SPICE Ll-egm array. The smoother turnover of 20 and 27 um reflects the differ- 


ence in sensitivity between flights in addition to the difference in detector respon- 


sivities. 


The 11- and 20-um source counts show a distinct change of slope from 0.4 


to 0.8 at about Myy = -3.5 and Mog = “4.5. The 27-4m source count is consistent 


with a 0.4 slope over the entire coverage, Numerically, the source counts are 


well represented by the expressions: 


10°: 5 (m4 + 3.45) 


N (4.2 um) 


0.4 (m 


* 7.55). 490.6 (my, + 5.55) 


N (illum) = 10 11 m1, = -1.0 
¥ (20 um) = 108 # Mgq * 55) 4 490-6 (My9 + 6.55) Mog ar 
X27 am) = 10% 4 (Mgq * 10. 45) ng 808 S 


Thus, the contents of the catalog can be resolved into two broad categories: a 
117™29 * 2.0 and Mo9-Mo7 


sponding to color temperatures of 270K and 185K, anda Spherical distribution of 


disk population with mean colors of m = 0.9 corre- 


sources with a mean color difference of m MoQ = 1,0 corresponding to a 480K 


ti 
color temperature, The 0,5 slope for the 4-~m sources is not fully understood, 
16 


t found similar slopes for stars at 0.55 um from 
32), at 2.2 um from the TMSS (Neugebauer and 
), and at 4.2, 11, and 20 um from the AFGL catalog. The SPICE plus 
FIRSSE measurements indicate that the AFGL survey at 11 and 20 wm was non- 


Kleinmann, Gillett, and Joyce 


the "Bright Star Catalog" (Hoffleit 
30 


Leighton 


uniform at fainter magnitudes, which blurred the crossover point in the two 


distributions producing an "average" result. However, this explanation should 


not apply to the shorter wavelength measurements that are crossreferenced much 


more extensively. 


32. Hoffleit, D. (1964) Catalog of Bright Stars, Third Revised Edition, Yale 
UC. Obs, 
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Figure 5. Number of Sources Brighter Than a Given 
Magnitude as a Function of Magnitude for the 11-, 20-, 
and 27-um Sources in the Revised Catalog. Points are 
values for the entire catalog; (0) denotes the 11-ym 
source counts for SPICE multiplied by 3, (x) and (+) 
designate the 20 and 27 um, respectively, source 
counts for SPICE and FIRSSE multiplied by 2. Also 
shown is a Slope 0. 4 characteristic of a uniform disk 
distribution and slope 0.6 a uniform spherical distri- 
bution 


The limits in the numerical expressions for the source count are the magni- 
tudes at which the SPICE plus FIRSSE source counts begin to diverge from a slope 
of 0.6 at 11 and 20 um and 0.4 at 27 um. These limits roughly correspond to the 
signal-to-noise criterion for inclusion in the main catalog. We adopt these values 
as the completeness level of the catalog at least over the area covered by the 
recent experiments. 

This statistical approach to derive completeness of the survey and the use of 
source parameters to describe the overall background have been strongly criti- 
cized by Grasdalen et al. ie They state that "until the AFGL sources are verified 
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from ground based observations statistical analyses based solely on the AFGL 
catalog are highly suspect". Also, referring to the conclusions reached by 


1, 16 ncince they have not made ground based observations to verify 


Kleinmann et a 
existence of these sources as a function of magnitude their completeness limit 

has no physical meaning. It is entirely conceivable that all the sources at their 
limit are spurious". 

While it is true that some of the sources in the catalog are suspect, notably 
the cluster of objects near oy mae + 0° and oh39™ + 35°, possibly for reasons of 
particulate contamination, these sources are a small percentage of the total. The 
Slopes of 0. 4 and 0.6 in the log N vs m have a physical rational. Highly contrived 
spatial, spectral, and amplitude distribution of spurious sources would be re- 
quired in order not to distort the log N vs m plots if these false entries consti- 
tuted a significant portion of the catalog. Also, about 85 percent of the sources 
in the catalog are either confirmed by rescan or have plausible associations, and 
some of those with plausible associations have measurements consistent with the 
photometry in the CIO. Over half of the remainder lie either along the emission 
ridge in the galactic plane or the Orion Complex or have magnitudes below the 
completeness level. Bright infrared objects in the galactic plane and molecular 
clouds are likely to be heavily obscured stars. Thus, the revised catalog does 
constitute an adequate data base from which general parameters on the background 
character may be drawn, It is currently the only data base for HII regions and 
other extended sources that Grasdalen et all4 preferentially excluded from their 
analysis. 

The concentration toward the galactic plane that defines the disk population 
is shown in Figure 6 as a histogram of the number of sources brighter than the 
Statistical limits at each wavelength in increments of 0.1 in sin b. Equal areas 
are encompassed in the bins and the plots are roughly proportional to the areal 
density. The concentration to the galactic plane becomes greater with increasing 
wavelength; 26 percent of the 4.2-4m sources, 45 percent of the 11-u~m, 50 per- 
cent of the 20-um, and 73 percent of the 27-4m sources are within 50°74 of galactic 
plane. 

The longitude distributions of the 11- and 20-4m sources brighter than the 
completeness limits and within 5°74 of the galactic plane are shown in Figure 7. 
Hatched area represents the number of non-stellar or unidentified objects in each 
region. On the average 60 percent of the 11 um and 80 percent of the 20-ym 
sources fall into this category. The prominent peaks at 25° and 310° longitude 
lie in the direction of a tangent to the spiral arms defined by the HII regions 
studied by Georgelin et ale? as does the smaller peak at 45°. Other peaks at 80°, 
33. Georgelin, Y.M., Georgelin, Y.P., and Sivan, J.-P. (1979) Optical IR 


regions, IAU Symposium 84, The Large Scale Structure of the Galax 
W.B. Burton, Ed., D. Reidel Pub. Co., Dordrecht, Holland. 
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Figures 8 through 10. 
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SIN b 
Figure 6. Latitude Distribution of the 4-, 11-, 
20-, and 27-u4m Sources. Bins are increments 


of 0.1 in sin b or equal areas for all sky cover- 
age; counts are roughly proportional to areal 
density. Sources brighter than the complete- 
ness limits of 1.3 magnitudes at 4um, -1.0 at 
ll ym, -2,5 at 20yum, and -3,5 at 27 um 


110°, 135°, and 290° longitude correspond to peaks in the distribution of HII 
regions detected at optical wavelengths along the galactic plane (for example, the 
compilation of Marsalkova®4), This indicates that the disk population in the ga- 
lactic plane is dominated by HII regions or sources associated with them, 
Multicolor observations that have Mo = -2.5 are shown on two-color plots in 


The spectral class of the source in the [4.2-1ll um], 


34. Marsalkova, P. (1974) A comparison catalogue of HII regions, Astrophys, 


Space Sci, 27:3. 
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Figure 7. Longitude Distribution of the 11- and 20-4m 
Sources Within 5. 74° (|sin bJ < 0. 1) of the Galactic 
Plane. Shaded area represents the number of non- 
stellar or unassociated sources in the region. Marked 
areas from 260° to 280° and 325° to 355° longitudes 
are not covered at these wavelengths. Histograms in- 
clude sources brighter than -1.0 magnitudes at 11 ym 
and -2.5 at 20 um 


Figure 8. [4.2-11 um] vs [11-20 um] Color-color Plots for 
Sources Brighter Than -2.5 Magnitudes at 20 um. Symbols 
denote major spectral class with asterisks representing 
unclassified objects. (P = peculiar object n Car, W = Wolf 
Rayet, H = HII region.) The F stars are T Taurii stars, 

the very red, very cold K source is M17. The band inte- 
grated blackbody color temperature curve is also shown 

and a few reference values designated 
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Figure 9. [4.2-11 um] vs [11-20 um] Color- 
color Plots for the M Stars Brighter Than 

mgo = -2.5. The plotted number denotes 

the M subclass assigned to the Star. M stars 
without subtypes are designated by an asterisk. 
The curve for the band averaged blackbody color 
temperatures and reference values are also shown 


(11-20 um] is plotted in Figure 8 if it is known, an H denotes a known I fi! region 
and an asterisk (*) an undesignated source. The spectral type is given even if 

the source is embedded in dust with the majority of the infrared emission from 
the surroundings. The color temperature curve for [4.2-11 um], [11-20 um] is 
also plotted with reference values noted. Almost all the sources lie above the 
blackbody curve with cool color temperatures ranging from 2000K to 400K for the 
[4.2-11 4m] measurements and 1000K to 150K for the [11-20 um] differences. 
The M stars are replotted in Figure 9 with the spectral subclass as the symbol; 
an asterisk denotes lack of a subclass. The large majority of stars have 

[11-20 um] = 2.0 in agreement with the conclusion of Harris and Rowan-Robinson. 
Extinction or excess emission will cause the points to lie above the blackbody 
curve. Interstellar extinction has a negligible effect. For an Ay ~ 30 magnitudes, 
the extinction to the galactic center, [11-20 um] is increased by less than half a 
magnitude if the interstellar grains have silicate absorption (A 4.2.7 AL/ 20, 

A,,* A, /25, and A, = A,,/37; see Kleinmann, Gillett, and Joyce), Emission 


11 20 
from circumstellar dust shells would cause the large observed departures in the 
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Figure 10. [11-20 um] vs [20-27 um] Plots 
for Sources With my, = -2.5. Symbols have 
the same meaning as in Figure 8 


colors from the blackbody curve. From Figure 8 it is apparent that circum- 
stellar emission is a common feature of M stars which are bright in the infrared. 

The [11-20 um] vs [20-27 um] colors are plotted in Figure 10 for sources 
brighter than M9 = -2.5. Most of the stars are in the region [11-20 um] = 1.5 
and [20-27 um] <= 0.5 and fall below the blackbody curve. The majority of these 
stars have circumstellar emission due to silicates. Band emission from silicates 
at 10 and 20 um would enhance the i1~ and 20-um fluxes compared to that at 27 um. 
The unassociated sources and HII regions populate the region [11-20 um] = 1.5 
particularly for [20-27 um] = 0.5. The cool temperatures are characteristic of 
HII regions. The large [20-27 um] color indicates the presences of a significantly 
cooler (T, < 100 K) component of these sources. 
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6. CONCLUSIONS 


The AFGL catalog has been revised to include measurements from two recent 
high sensitivity surveys and ground-based searches for sources in the previous 
catalog. Source -ounts on the revised catalog show two distinct populations, a 
spherical component with a slope of 0.6 and a disk component with slope of 0. 4, 
The density distributions and mean color temperatures indicate that, for the most - 
part, the spherical component is made up of late type stars with infrared excesses 
while the disk is composed of HII regions and stars embedded in circumstellar 


dust shells with large infrared excesses. 
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BS Appendix A : 
be Table of Observations 
“i AL, COLUMNS 1, 2. AND 3 - POSITION 
-. 
ts 
a Coordinate information is given in these columns, The epoch 1950 right | 
ascension and declination are given in columns 1 and 2, respectively. The three 
= letter symbol in column 3 designates the reference for the position. In approxi- 
i, mate order of increasing accuracy these reference positional accuracies are: 
wt AFGL~ APGI. catalog (Price and Walker;4? Price4?) - 113 
. FIR/SPC - FIRSSE and SPICE derived positions - 0!8 
: GVS - Kukarkin et al437A° - o18 
uy IRC - Neugebauer and Leighton, pe Neugebauer? - O85 
Fi, ) 
a LKV - Low et al48 - 30" 
e LKR = Lebofsky et al“® - 15 to 30" 
i LSK = Leboftsky et al“! ~ 1 to 30" | 
UCS - Gosnell, Hudson, and Puetter*!?! - 10" | 
wwe 9 
et GH] - Gehrz and Hackwelt4 !? - 5" 
ot JCG - Joyce et alt 263" 
a cone Al4 =n | 
7s, KLM - Kleinmann et al 2 <5 
> . WYO - Grasdalen et al! . <5" 
N EIC + Sweeney et an Ee <5" 
Bs Because of the large number of references cited above, they will not be listed 
Ys, here. See References, page 163. 
re 
we) 
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CIO - listed in Gezari, Schmitz, and Mead418 -<1" 
SAO - Smithsonian Astrophysical Observatory Star Catalog”? -<il 


In general the SPICE and FIRSSE source positions were not improved even 
though many of the associations were plausible identifications. Better positions 
were substituted for a few of those SPICE or FIRSSE objects that had corrobora- 
tive ground-based photometry. 


A2. COLUMNS 4 THROUGH 7 - PHOTOMETRY 


The 4-, 11-, 20-, and 27-um photometry is listed in the next four columns, 
respectively, along with the estimated error or source reference if it is not a 
survey measurement. A magnitude derived from the CIO listing is designated by 


a C, one taken from Grasdalen et ayAts 


by a W anda value from Ney and 
Merrill42° by M. These non-survey measurements are included in order to 
facilitate analyses of the catalog content. For example, Harris and Rowan- 
poe and Grasdalen et arte found 


it possible to divide the catalog content into broad but well-defined categories 


Robinson, 42? Kleinmann, Gillett, and Joyce, 


based upon the [4-11 um] vs [11-20 um] color differences. 


The adopted zero magnitude irradiances are: 


H(4.2) = 3.6 x 107} wen eum 


1 


H(11) 8.7 7 10° wem “ani 


(20) 4 872 240" wom ae 


eee 
H(27) 2.5 <10 Te smn “um 1 F 


tb 


Al’, Gezari, D.Y., Schmitz, M., and Mead, J.M. (1982) Catalog of Intrared 
Observations, NASA Tech Memo. 83819, 


Al9, (1966) Smithsonian Astrophysical Observatory Star Catalog, Government 
Printing Office, Washington, D.C. 

A20, Nev, FE. P., and Merrill, K. a. (1980) Study of Sources in the AFGL Rocket 
Infrared Survey, AFGI.-TR-80-0050, AD A0840%8. 

A211.) Harris, S,, and Rowan-Robinson, M. (1977) The brightest sources in the 
AFCRE. survey, Astron. Astrophys. 60:405, 

A22, Kileinmann, S.G., Gillett, F.LC., and dovee, R.LR. (1981) Preliminary 
results of the Air Foree infrared sky survey, Ann. Rev. Astron, 
Astrophys. 19:411, ~ 
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a A3. COLUMN 8 - SPECTRAL TYPE 

oy The spectral type is listed in column 8, The large majority of the spectral 
ge types result from association of the survey source with an object in the TMSS., 
of ' The compilation of Bidelman423 of the published spectral classifications for the 
st TMSS and his own determinations of spectral type was used. Additional spectral 


= A2 


types for AFGL sources come from Bidelman, A25 


Buscombe, the "General 


<, Catalog of Variable Stars (Kukarkin et ayhtnA Pe A26) and Kleinmann, Gillett, and 

ena A22 

_ Joyce. 

co Ad. COLUMN 9. AFGL NUMBER 

s The APGL number is listed in this column. Numbers less than 3200 identify 

S sources in the AFCRL and AFGI. catalogs. An S appended to an APGL number in 

Fer, 2) 

vs the main table denotes a Source originally in the supplemental catalog (Price4?), 

- The 624 detections on the SPICE and FIRSSE flights are enumerated, beginning at 

‘ 5001 by right ascension. The new entries in the "revised" supplemental catalog 

nis 

1,” begins at 6001S, 

Pa 

‘ 

ty AS. COLUMNS 10, 11, AND 12 - ASSOCIATIONS 

ce Associations with sources in other catalogs are listed in these 3 columns: 

& the Two Micron Sky Survey (Neugebauer and Leighton?) and its extension 

a. (Neugebauer”*) in column 10, the Bright Star (Hoffieit427) in colunin 11, and 

™ other designations in column 12, The entries in columns 11 and 12 are indepenlent 
of the TMSS association. If the source has no Bayer, Flamstead, or varisbl- 

! star designsotions, column 11 contains associations with sources in the “Dearborn 

S A23.) Bidelman, W.P. (1980) Specteal Classifications for the Sturs ol the Calter! 

_ Two Mieron Surv, Warner and Swaseyv Obs. 2ONo. 4), 


A24,) Bidelrnan, W.P. (1980) Private comiununication, 


<s A255, Buscombe, W. (1°81) Suggested Identifications foo Infrsied Sat ces. hare 
we Stars Suppl. 4.0 19:85, Aknd, Scienee USSR, . 
a A266, Kukarkin, BK. Ve. Kholopov, PLN. Pifrerow Yue Noo Buk ire NB. 

. Rurochkin, Nob. Medvedeva, God Perow i NIB Beene Voge, 
a Pedorovich, V2P.) and Brolov, V.S. ebege) Vidr dsuppt ert tothe. 

= - Third Edition of the General Cat: log of Varidbbe st ora Ao fern 

2 Sctenes 3 US8R, Moseoty 0 Aah 

bats N27. Hoffleit, DD. (1654) Catalog ot Prraht Sry Phas dd ree Gd \ 

= UC. Ob- cS ile ee te Ah rt 
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et kt ; 


Catalog of Faint Red Stars" (Lee et al428-430) gesignated by DO, the Revised 
New General Catalog (Sulentic and Tirtt43}) for NGC objects, Catalog of HII 


Regions (Sharpless4?2), and the Index Catalog of Drver. Additional associations 


«2 ys pa, *, 
ee 


re: are obtained from the CIO, 

= 

x. 

“ A6,. COLUMN 13 - COMMENTS 

2 Comments on the source are given in this column, including alternative 

a names. The class of object is listed if the association is with an NGC source. 

ra If appropriate, the type of galaxy is also listed. Sources measured to be extended 

LC on the order of 5 arc min or greater are designated by EO, those of marginal 

: extent by E?. 

“ A7. COLUMN 14 - OBSERVATION LOG 

2 

: This is a three-element code that outlines the observational record for the 

Se entry. The first character pertains only to previous AFGI. sources. A"C'' 

designates that the source was detected on a SPICE or FIRSSE flight in a common 

oe color, If this is not the case the maximum number of times the source was seen 

ve in a common color as listed in the AFGI. catalog is given. The second character 
describes the observation within a SPICE or FIRSSE flight. A "2" means that the 

ee source was seen twice in a common color on the same flight, and a''0"' denotes 

= no common color confirmation. If the object was rescanned but was not confirmed 

a an asterisk "*" designates that the rescan region contained optical contamination 

or has a calculated signal-to-noise less than 3; a question mark denotes that the 
calculated signal-to-noise was between 3 and 5 on rescan or the confirming 

os detector was at the end of the array. AnSor F means that the source was only 

ns scanned once on a SPICE or FIRSSE flight, respectively. Flight-to-flight obser- 

4 


; A28, Lee, O.J., Baldwin, R.1.., and Wamlin, D.W, (1%43) Dearborn Catalog of 
Faint Red Stars Titanium Oxide Stars in Zones -495 to #13.9°, Ann, 


Dearborn Obs, Northwestern CU, V(Part LA). 


oe A29, Lee, O.J., and Bartlett, PJ. (1944) Dearborn Catalog of Faint Red Stars 
ee Titanium Oxide Stars in Zones +13, 57 to 140.55, Ann. Dearborn Obs, 

es Northwestern U, V€Part 1B). 

a A30, Tee, OvJ.. Gore, G.D., anid Bartlett, ToJ. (1947) Dearborn Catalog of 
‘a: Faint Red Stars Titanium: Oxide Stars in Zones 40. 5° to #007) Ann. 


Dearborn Obs., Northwestern U, PV(Part IC), 


." ASl. Sulentic, IAW... and Tifft, W.G. (Lo72) The Revised New General Cats log 
hg of Non-SteHar Astronomical Objects, VT, oof Aviv... Tucson, Aris. 

x A382.) Sharpless, S. (S35) V catalog of HI regions, Astrophys. 7. Suppl. [Vi257, 
a Vy im 

= 
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vations are denoted by the last character, The asterisk and question mark have 
the Same meaning as for the second character, A number means that the entry 
is a combination of a FIRSSE and SPICE measurement: "2" denotes a common 
color with values within 60 percent, "3'' a common color with values greater than 


60 percent of each other, and "4" no common color, 


A8. COLUMNS 15 AND 16 - GALACTIC COORDINATES 


The galactic longitude and latitude are listed in columns 15 and 16, respec- 


tively, to the nearest tenth of a degree. 
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